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□ 1. Document ID: US 6214066 Bl 
Using default format because multiple data bases are involved. 

L6: Entry 1 of 8 File: USPT 



Apr 10, 2001 



US - PAT -NO : 6214066 

DOCUMENT- IDENTIFIER: US 6214066 Bl 

TITLE: S ynthes is gas production by ion transport membranes 
DATE- ISSUED : April 10, 2001 



INVENTOR - INFORMATION : 
NAME 

Nataraj ; Shankar 
Russek; Steven Lee 



CITY 

Allentown 
Allentown 



STATE 

PA 

PA 



ZIP CODE 



COUNTRY 



US - CL - CURRENT : 48/198.2; 422/ 239 , 423 / 245.3 , 423 / 418.2 , 423 / 651 , 48/ 127.5 , 
48/198.1, 95/45, 95/54 



Title Citation Front I Review Classification Date Reference 
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□ 2. Document ID: US 61 10979 A 

L6 : Entry 2 of 8 



File: USPT 



Aug 29, 2 000 



US-PAT-NO: 6110979 

DOCUMENT- IDENTIFIER: US 6110979 A 

TITLE: Utilization of s ynthesis gas produced by mixed conducting membranes 
DATE-ISSUED: August 29, 2000 



INVENTOR- INFORMATION: 
NAME 

Nataraj ; Shankar 
Russek; Steven Lee 



CITY 

Allentown 
Allentown 



STATE 

PA 

PA 



ZIP CODE 



COUNTRY 



ASS IGNEE- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

Air Products and Chemicals, Inc. Allentown PA 02 
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APPL-NO: 09/ 157544 [PALM] 
DATE FILED: September 21, 1998 

PARENT -CASE: 

CROSS-REFERENCE TO RELATED APPLICATIONS This application is a Continuation-in-Part 
of Ser. No. 08/997,642, filed on Dec. 23, 1997, U.S. Pat. No. 6,048,472, which is 
incorporated herein by reference. 

INT-CL: [07] C01 B 3/26 



US-CL-ISSUED: 518/704; 252/373, 423/652 
US-CL -CURRENT: 518/704; 252/373, 423/652 



FIELD-OF-SEARCH : 423/650, 423/652, 423/655, 423/656, 252/373, 518/704 
PRIOR-ART-DISCLOSED : 

U.S. PATENT DOCUMENTS 



PAT -NO 


IS SUE -DATE 


PATENTEE -NAME 




US-CL 


4079017 


March 1978 


Crawford et al . 




252/373 


4791079 


December 1988 


Hazbun 




502/4 


4793904 


December 1988 


Mazanec et al . 




204/59R 


4822521 


April 1989 


Fuderer 




252/373 


51 60713 


November 19 92 


Mazanec et al . 




423/648 


5276237 


January 1994 


Mieville 




585/500 


5306411 


April 1994 


Mazanec et al . 




204/265 


5356728 


October 1994 


Balachandran et 


al. 


429/8 


5536488 


July 1996 


Mansour et al . 




423/652 


5580497 


December 1996 


Balachandran et 


al. 


252/519 


5591315 


January 1997 


Mezanec et al . 




205/462 


5599383 


February 1997 


Dyer et al . 




96/8 



FOREIGN PATENT DOCUMENTS 



FOREIGN- PAT-NO PUBN-DATE COUNTRY US-CL 

0399833 November 1990 EP 

0732138 September 1996 EP 



OTHER PUBLICATIONS 



Rostrup-Nielsen, J. et al., "Steam Reforming-Opportunities and Limits of the 
Technology", presented at the NATO ASI Study on Chemical Reactor Technology for 
Environmentally Safe Reactors and Predictors, Aug. 25-Sep. 5, 1991, Ontario, 
Canada . 

Christiansen, T. S. et al. "Improve Syngas Production Using Autothermal Reforming", 
Hydrocarbon Processing, Mar. 1994, pp. 39-46. 

Sundset, T. et al . , "Evaluation of Natural Gas Based Synthesis Gas production 
Technologies", Catalysis Today 21 (1994), pp. 269-278, (No Month). 
Reed, C.L. et al . , "Production of Synthesis Gas by Partial Oxidation of 
Hydrocarbons" presented at the 86.sup.th AIChE meeting, Houston, Texas, Apr. 1-5, 
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1979 . 

Fong, F., "Texaco' s HyTEX Process for High Pressure Hydrogen Production" , presented 
at the KTI Symposium, Apr. 27, 1993, Caracas, Venezuela. 

Osterrieth, P. J. et al . , "Custom-Made Synthesis Gas Using Texaco 1 s Partial 
Oxidation Technology", presented at the AIChE Spring National Meeting, New Orleans, 
LA, Mar. 9, 1988. 

Balachandran, U. et al . "Ceramic Membranes For Methane Conversion", presented at 
the Coal Liquefaction and Gas Conversion Contractors, Review Conference, Sep. 7-8, 
1994, Pittsburgh, PA. 

Tsai, C.-Y. et al., "Simulation of a Nonisothermal Catalytic Membrane Reactor for 
Methane partial Oxidation to Syngas", Proceedings of the Third International 
Conference of Inorganic Membranes, Worcester, MA, Jul. 10-14, 1994. 

Tsai, C.-Y. et al . , "Modeling and Simulation of a Nonisothermal Catalytic Membrane 
Reactor", Chem. Eng Comm., 1995, vol. 134, pp. 107-132. 

Tsai, C. Y., "Perovskite Dense Membrane Reactors for the Partial Oxidation of 
Methane to Synthesis Gas ", May 1996 (published by UMI Dissertation Services). 
Cromarty, B. J. et al., "The Application of Pre -Reforming Technology in the 
Production of Hydrogen", presented at the NPRA Annual Meeting, Mar. 21-23, 1993, 
San Antonio, Texas. 

Foreman, J. M., et al . , "The Benefits of pre-ref orming in Hydrogen Production 
Plants", presented at th World Hydrogen Conference, Jun. 1992. 

Cromarty, B. J., "Modern Aspects of Steam Reforming for Hydrogen Plants", presented 
at the World Hydrogen Confernece, Jun. 1992. 

Mazanec, T. J., "Electropox Gas Reforming", Electrochemical Society Proceedings, 
vol. 95-24, 16 1997, pp. 16-28, (No Month). 

U.S. application No. 08/721,640, Adler et al . , filed Sep. 26, 1996. 

08/997,642, Nataraj et al . , filed Dec. 23, 1997. 
08/870,012, Nataraj et al . , filed Jun. 6, 1997. 
09/141,909, Adler et al . , filed Aug. 28, 1998. 
09/157,712, Nataraj et al . , filed Sep. 21, 1998. 



U.S 
U.S 
U.S 
U.S 



application No. 
application No. 
application No. 
application No. 



Copy of European Search Report . 
ART-UNIT: 174 

PR I MARY -EXAMINER: Langel; Wayne 
ATTY- AGENT -FIRM: Fernbacher; John M. 

ABSTRACT : 

Hydrocarbon feedstocks are converted into synthesis gas in a two- stage process 
comprising an initial steam reforming step followed by final conversion to 
s ynthesis gas in a mixed conducting membrane reactor. The steam reforming step 
converts a portion of the methane into synthesis gas and converts essentially all 
of the hydrocarbons heavier than methane into methane, hydrogen, and carbon oxides 
The steam reforming step produces an intermediate feed stream containing methane, 
hydrogen, carbon oxides, and steam which can be processed without operating 
problems in a mixed conducting membrane reactor. The steam reforming and mixed 
conducting membrane reactors can be heat - integrated for maximum operating 
efficiency and produce synthesis gas with compositions suitable for a variety of 
final products. Synthesis gas produced by the methods of the invention is further 
reacted to yield liquid hydrocarbon or oxygenated organic liquid products. 

29 Claims, 6 Drawing figures 
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L6: Entry 3 of 8 File: USPT 

US-PAT-NO: 6077323 

DOCUMENT- IDENTIFIER: US 6077323 A 

TITLE: Sy nth esis gas production by ion transport membranes 
DATE -ISSUED: June 20, 2 0 00 

INVENTOR- INFORMATION: 
NAME CITY STATE ZIP CODE COUNTRY 

Nataraj ; Shankar Allentown PA 

Russek; Steven Lee Allentown PA 
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Jun 20, 2000 



ASSIGNEE- I NFORM AT I ON : 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

Air Products and Chemicals, Inc. Allentown PA 02 



APPL-NO: 08/ 870012 [PALM] 
DATE FILED: June 6, 1997 

INT-CL: [07] C01 B 3/24, C01 B 31/18, B01 J 7/00, B01 D 53/22 

US-CL-ISSUED: 48/198.1; 48/127.5, 48/127.7, 48/148.3, 422/235, 422/239, 423/418.2, 
423/245.3, 252/3.73, 95/45, 95/54 

US-CL -CURRENT: 4 8/198 .1; 2 52/373, 4 22/23 5, 4 22/23 9, 423 /245 . 3 , 423/418.2, 4 8/127 .5, 
48/ 127 .7 , 48/ 198.3 , 95/45, 95/54 

FIELD -OF -SEARCH : 48/127.7, 48/198.1, 48/198.3, 95/45, 95/54, 422/198, 422/193, 
422/207, 422/235, 422 /23 9 , ' 423/650 , 423/651, 423/418.2, 423/245.3, 252/373 

PRIOR-ART-DISCLOSED: 



U.S. PATENT DOCUMENTS 



PAT - NO 


ISSUE-DATE 


PATENTEE -NAME 




US-CL 


4791079 


December 1988 


Hazbun 




502/4 


4793904 


December 1988 


Mazanec et al . 




204/59R 


4802958 


February 198 9 


Mazanec et al . 




204/80 


4933054 


June 1990 


Mazanec et al. 




204/80 


5068058 


November 1991 


Bushinsky et al 


■ 


252/376 


5160713 


November 1992 


Mazanec et al . 




423/210 


5276237 


January 1994 


Mieville 




585/500 


5306411 


April 1994 


Mazanec et al. 




204/265 


5356728 


October 1994 


Balachandran et 


al. 


429/8 


5164506 


November 1994 


Giir et al . 




204/59 


5534471 


July 1996 


Carolan et al . 




502/4 


5573737 


November 1996 


Balachandran et 


al. 


422/211 


5580497 


December 1996 


Balachandran et 


al . 


252/519 
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5591315 January 1997 Mezanec et al . 205/462 

5599383 February 1997 Dyer et al . 96/8 

5846641 December 1998 Abeles et al . 428/312.8 

58 689 18 February 1999 Adler et al . 205/615 

FOREIGN PATENT DOCUMENTS 



FOREIGN -PAT -NO 


PUBN-DATE 


COUNTRY 


0732138 


September 19 86 


EP 


0399833 


November 199 0 


EP 


0438902 


July 1991 


EP 


0673675 


September 1995 


EP 


0682379 


November 1995 


EP 


0705790 


April 1996 


EP 


0766330 


April 1997 


EP 


WO9424065 


October 1994 


WO 



US-CL 



OTHER PUBLICATIONS 

Rostrup-Nielsen, J. et al . , "Steam Reforming-Opportunities and Limits of the 
Technology", presented at the NATO ASI Study on Chemical Reactor Technology for 
Environmentally Safe Reactors and Predictors, Aug. 25 -Sep. 5, 1991, Ontario, 
Canada . 

Christiansen, T. S. et al . "Improve Syngas Production Using Autothermal Reforming", 
Hydrocarbon Processing, Mar. 1994, pp. 39-46. 

Sunset, T. et al . , "Evaluation of Natural Gas Based Synthesis Gas Production 
Technologies", Catalysis Today 21 (1994), pp. 269-278. 

Reed, C. L. et al . "Production of S ynthesis Gas by Partial Oxidation of 
Hydrocarbons" presented at the 86.sup.th AChE meeting, Houston, Texas, Apr. 1-5, 
1979. 

Fong, F., "Texaco' s HyTEX Process for High Pressure Hydrogen Production", presented 
at the KTI Symposium, Apr. 27, 1993, Caracas, Venezuela. 

Osterrieth, P. J. et al . , "Custom-Made S ynthesi s Gas Using Texaco ' s Partial 
Oxidation Technology", presented at the AIChE Spring National Meeting, New Orleans, 
LA, Mar. 9, 1988. 

Balachandran, U. et al . "Ceramic Membranes For Methane Conversion", presented at 
the Coal Liquefaction and Gas Conversion Contractors, Review Conference, Sep. 7-8, 
1994, Pittsburgh, PA. 

Tsai, C.-Y. et al . , "Simulation of a Nonisothermal Catalytic Membrane Reactor for 
Methane partial Oxidation to Syngas", Proceedings of the Third International 
Conference of Inorganic Membranes, Worcester, MA, Jul. 10-14, 1994. 

Tsai, C.-Y. et al., "Modeling and Simulation of a Nonisothermal Catalytic Membrane 
Reactor", Chem. Eng Comm., 1995, vol. 134, pp. 107-132. 

Tsai, C. Y., "Perovskite Dense Membrane Reactors for the Partial Oxidation of 
Methane to Snythesis Gas", May 1996 (published by UMI Dissertation Services), 
ten Elshof, J. E. et al . , "Oxidative Coupling of Methane in a Mixed-Conducting 
Perovskite Membrane Reactor". Applied Catalysis A; General 130 (1995) 195-212. 
Mazanec, T. J. et al . , "Electropox: BP 1 s Novel Oxidation Technology", The Role of 
Oxygen in Improving Chemical Processes, R. Soc . Chem. (1993), vol. 132, pp. 212-25. 



Mazanec, T. J. et al . , "Electrocatalytic Cells for Chemical Reaction", Solid State 
Ionics, 53-56 (1992) 111-118 North Holland. 

Mazanec, T. J., Electropox: Bp's Novel Oxidation Technology, The Activation of 
Dioxygen and Homogeneous Catalytic Oxidation, Edited by D. H. R. Barton et al . , 
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Plenum Press, New York 1993, pp. 85-96. 

Mazanec, T . J. , "Prospects for Ceramic Electrochemical Reactors in Industry" , Solid 
State Ionics, 70/71 (1994) 11-19, North Holland. 

Mazanec, T. J., "Electropox Gas Reforming", Electrochemical Society Proceedings, 
vol. 95-24, 1997, pp. 16-28. 

Balachandran, U. et al., "Development of a Ceramic Membrane for Upgrading Methane 
to High-Value-Added Clean Fuels", Prepr. Pap. --Am. Chem. Soc . , Div. Fuel Chem. 
(1997) , 42 (2) , 591-595. 

Balachandran, U. et al., "Dense Ceramic Membranes for Converting Methane to 
Syngas", Electrochemical Society Proceedings (1997), vol. 95-24, pp. 29-36. 
Balachandran, U. et al., "Mixed-Conducting Ceramic Membranes for Partial 
Oxygenation of Methan", Ceram. , Trans. (1996) 65 (Role of Ceramics in Advanced 
Electrochemical Systems), 23-35. 

Schwartz, M. et al , "The Use of Ceramic Membrane Reactors for The Partial Oxidation 
of Methane to S ynthesi s Gas", Prepr. Pap. --Am. Chem. Soc, Div. Fuel chem. (1997), 
42(2) 596-600. 

Ma Y. H., et al . "The Partial Oxidation of Methane to Synthe sis Gas by Oxygen 
Selective Dense Perovskite Membrane Reactors", Presented at the AIChE 1997 Spring 
National Meeting, Houston, TX--Mar. 9-13, 1997. 

Schwartz, M. , et al., "The Use of Ceramic Membrane Reactors for the Partial 
Oxidation of Methane to S ynthesis Ga s", Presented at the AIChE 1997 Spring national 
Meeting, Houston, TX--Mar. 9-13, 1997. 

Udovich, C. A., et al . , "Ceramic Membrane Reactor for the Partial Oxygenation of 
Methane to Synthesis Gas ", Presented at the AIChE 1997 Spring National Meeting, 
Houston, TX--Mar. 9-13, 1997. 

ART-UNIT: 174 

PRIMARY-EXAMINER: Tran; Hien 
ASSISTANT -EXAMINER: Kennedy; James 
ATTY -AGENT - F IRM : Fernbacher; John M. 



ABSTRACT : 

S ynthesis gas is produced from a methane -containing reactant gas in a mixed 
conducting membrane reactor in which the reactor is operated to maintain the 
product gas outlet temperature above the reactant gas feed temperature wherein the 
total gas pressure on the oxidant side of the membrane is less than the total gas 
pressure on the reactant side of the membrane. Preferably, the reactant gas feed 
temperature is below a maximum threshold temperature of about 1400. degree. F. 
(760. degree. C), and typically is between about 950. degree. F. (510. degree. C.) 
and about 1400. degree. F. (760. degree. C). The maximum temperature on the reactant 
side of the membrane reactor is greater than about 1500. degree. F. (815. degree. 
C. ) . 

31 Claims, 6 Drawing figures 



Full Title 



Review 


Classification 


Date 


Reference 
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D 4. Document ID: US 6066307 A 

L6 : Entry 4 of 8 



File: USPT 



May 23, 2000 



US-PAT-NO : 6066307 

DOCUMENT- IDENTIFIER: US 6066307 A 
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TITLE: Method of producing hydrogen using solid electrolyte membrane 
DATE - ISSUED : May 23, 2000 



INVENTOR- INFORMATION : 
NAME 

Keskar; Nitin Ramesh 
Prasad; Ravi 

Gottzmann; Christian Friedrich 



CITY STATE 

Grand Island NY 

East Amherst NY 

Clarence NY 



ZIP CODE 
14072 
14051 
14031 



COUNTRY 



APPL-NO: 09/ 396199 [PALM] 
DATE FILED: September 15, 1999 



PARENT -CASE: 

This application is a continuation of application Ser. No. 08/848,200 filed Apr. 
29, 1997, abandoned. 

INT-CL: [07] C01 B 3/02, C01 B 3/24, C01 B 3/26 



US-CL-ISSUED: 423/648.1; 252/373 ,. 423/650 , 423/651, 423/652 
US-CL -CURRENT: 423 / 648 . 1 ; 252/373, 423/650, 423/651, 423 / 65 2 

FIELD -OF -SEARCH : 423/648.1, 423/650, 423/651, 423/652, 252/373 
PRIOR-ART-DISCLOSED : 



U.S. PATENT DOCUMENTS 



PAT - NO 


ISSUE -DATE 


PATENTEE -NAME 


US-CL 




3901669 


August 1975 


Seiter 


55/16 




4120663 


October 1978 


Fally 


422/198 




4536196 


August 1985 


Harris 


423/650 




4810485 


March 1989 


Marianowski et al . 


423/648 . 


1 


5160713 


November 1992 


Mazanec et al . 


204/265 




5215729 


June 1993 


Boxbaum 


423/648 . 


1 


5276237 


January 1994 


Mieville 


423/418 . 


2 


5306411 


April 1994 


Mazanec et al . 


204/265 




5637259 


June 1997 


Galuszka et al . 


423/650 




5733435 


March 1998 


Prasad et al . 


205/765 





FOREIGN PATENT DOCUMENTS 



FOREIGN -PAT -NO 
0748648 
0778069 
1242401 



PUBN-DATE 
December 1996 
November 1997 
September 1989 



COUNTRY 

EP 

EP 

JP 



US-CL 



OTHER PUBLICATIONS 
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Balachandran et al . , "Fabrication and Characterization of Dense Ceramic Membranes 
for Partial Oxidation of Methane", Proc . of Coal Liquefaction and Gas Conversion 
Contractors 'Review Conference, Pittsburgh, PA (Aug. 29-31, 1995). 
Balachandran et al . , "Dense Ceramic Membranes for Converting Methane to Syngas", 
First International Conference on Ceramic Membranes, 188. sup. th meeting to the 
Electrochemical Society, Inc., Chicago, IL (Oct. 8-13, 1995). 

T. J. Mazanec, "Electropox: BP ' Novel Oxidation Technology", in The Activation of 
Dioxygen and Homogeneous Catalytic Oxidation (D. Barton et al . , eds) , pp. 85-96, 
Plenum Press, NY 1993. (No Month). 

Nozaki et al . , "Oxide Ion Transport for Selective Oxidation Coupling of Methane 
with New Membrane Reactor", AIChE J., vol. 40, No. 5, pp. 870-877 (1994). (No 
Month) . 

Nagamoto et al., "Methane Oxidation by Oxygen Transported Through Solid 
Electrolyte" J. Catal . , vol. 126 pp. 671-673 (1990). (No Month). 

ART-UNIT : 174 

PR I MARY -EXAMINER : Langel; Wayne 
ATTY- AGENT -FIRM: Lau; Bernard 

ABSTRACT : 

A process for producing s ynthesis gas and hyd rogen by passing a compressed and 
heated oxygen-containing gas mixture into a reactor having at least one solid 
electrolyte oxygen ion transport membrane to separate transported oxygen Organic 
fuel reacts with the oxygen to form, s ynthesis gas . The resulting s ynthesis gas is 
separated into hydrogen gas through at least one solid electrolyte hydrogen 
transport membrane to separate the transported hydrogen in the same or different 
separator . 

19 Claims, 2 Drawing figures 



Title Citation Front Review Classification Date Reference 



Claims KWIC 



□ 5. Document ID: US 6048472 A 

L6: Entry 5 of 8 



File: USPT 



Apr 11, 2000 



US-PAT-NO: 6048472 

DOCUMENT- IDENTIFIER: US 6048472 A 

TITLE: Production of synthesis gas by mixed conducting membranes 
DATE-ISSUED: April 11, 2000 



INVENTOR- INFORMATION : 
NAME 

Nataraj ; Shankar 
Moore; Robert Byron 
Russek; Steven Lee 



CITY 

Allentown 
Allentown 
Allentown 



STATE 
PA 
PA 
PA 



ZIP CODE 



COUNTRY 



ASSIGNEE- INFORMATION : 
NAME 



CITY 



STATE ZIP CODE COUNTRY TYPE CODE 
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Air Products and Chemicals, Inc. Allentown PA 02 

APPL-NO: 08/ 997642 [PALM] 
DATE FILED: December 23, 1997 

INT-CL: [07] C01 B 3/26 



US-CL-ISSUED: 252/373; 423/650, 423/652 
US-CL -CURRENT: 252/37 3; 423/650/ 423/652 

FIELD-OF- SEARCH : 423/650, 423/652, 423/655, 423/656, 252/373 
PRIOR-ART-DISCLOSED : 

U.S. PATENT DOCUMENTS 



PAT -NO 


IS SUE -DATE 


PATENTEE -NAME 




US-CL 


4079017 


March 1978 


Crawford et al. 




252/373 


4791079 


December 1988 


Hazbun 




502/4 


4793904 


December 1988 


Mazanec et al . 




204/59R 


4822521 


April 1989 


Fuderer 




252/376 


5160713 


November 1992 


Mazanec et al . 




252/373 


5276237 


January 1994 


Mieville 




585/500 


5306411 


April 1994 


Mazanec et al . 




204/265 


5356728 


October 1994 


Balachandran et al . 




429/8 


5536488 


July 1996 


Mansour et al . 




423/652 


5580497 


December 1996 


Balachandran et al . 




252/519 


5591315 


January 1997 


Mezanec et al . 




205/462 


5599383 


February 1997 


Dyer et al . 




96/8 


5714091 


February 1998 


Mazanec et al . 




252/373 


5868918 


February 1999 


Adler et al. 




205/615 






FOREIGN PATENT DOCUMENTS 






FOREIGN - 


PAT -NO 


PUBN-DATE 


COUNTRY 


US-CL 


0399833 




November 1990 


EP 




0732138 




September 1996 


EP 





OTHER PUBLICATIONS 

Rostrup-Nielsen, J. et al . , "Steam Reforming-Opportunities and Limits of the 
Technology", presented at the NATO ASI Study on Chemical Reactor Technology for 
Environmentally Safe Reactors and Predictors, Aug. 25-Sep. 5, 1991, Ontario, 
Canada . 

Christiansen, T. S. et al . "Improve Syngas Production Using Autothermal Reforming" , 
Hydrocarbon Processing, Mar. 1994, pp. 39-46. 

Sundset, T. et al., "Evaluation of Natural Gas Based Synthesis Gas Production 
Technologies", Catalysis Today 21 (1994), pp. 269-.278. 

Reed, C. L % et al . "Production of Synthesis Gas by Partial Oxidation of 
Hydrocarbons" presented at the 86.sup.th AIChE meeting, Houston, Texas, Apr. 1-5, 
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1979. 

Fong, F. , "Texaco's HyTEX Process for High Pressure Hydrogen Production", presented 
at the KTI Symposium, Apr. 27, 1993, Caracas, Venezuela. 

Osterrieth, P. J. et al . , "Custom-Made Synthesis Gas Using Texaco's Partial 
Oxidation Technology", presented at the AIChE Spring National Meeting, New Orleans, 
LA, Mar. 9, 1988. 

Balachandran, U. et al . "Ceramic Membranes For Methane Conversion", presented at 
the Coal Liquefaction and Gas Conversion Contractors, Review Conference, Sep. 7-8, 
1994, Pittsburgh, PA. 
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The fuel gases can be further processes by combustion, synthesis to fuels 

such as di-Me ether and methanol, or the hydrogen 

purified. Specific catalysts were not mentioned. 
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produced synthesis gas is processed to sep. out 

carbon dioxide, carbon monoxide, and 

hydrogen, and the separated carbon dioxide is fed 
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methanol synthesis, or back into the feed to the reformer to 

enhance carbon monoxide formation in the 

synthesis gas. Any remaining synthesis 
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AB The retrofitting of an existing methanol or methanol 
/ammonia plant to make acetic acid is disclosed. The 

existing plant has a reformer to which natural gas or another hydrocarbon 
and steam (water) are fed and synthesis gas produced. 
All or part of the synthesis gas is processed to sep. 
out carbon dioxide, carbon monoxide 



, and hydrogen, and the separated carbon dioxide 

is fed either to the existing methanol synthesis loop for 

methanol synthesis, or back into the feed to the reformer to 

enhance the amount of carbon monoxide formation in the 

synthesis gas. Any remaining synthesis 

gas not fed to the carbon dioxide separator 

can be converted to methanol in the existing methanol 

synthesis loop along with carbon dioxide from the 

separator and/or imported carbon dioxide, and 

hydrogen from the separator. The separated carbon 

monoxide is then reacted with the methanol to produce 

acetic acid or an acetic acid 

precursor by a conventional process. Also disclosed is the reaction of 
separated hydrogen with nitrogen, in a conventional manner, to 
produce ammonia and the reaction of a portion of the acetic 
acid in a conventional manner with oxygen and ethylene to form 
vinyl acetate. The nitrogen for the added ammonia capacity in a retrofit 
of an original methanol plant comprising an ammonia synthesis 
loop and the oxygen for the vinyl acetate process are obtained from a new 
air separation unit; process flow diagrams are presented. 
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addition of carbon dioxide significantly improves the 
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